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Structural characteristics of the biomolecules. This in turn provides automated 
operator-.ndependent isolation and parallel characterization of a plurality of 
selected biomolecules detected in a biological sample. Thus, the present invention 
advantageously permits automated selection of biomolecules prior to sequencing 
or structural characterization. In one particular embodiment, the present invention 
Provdes a gel that is suitable for electrophoresis of biomolecules (such as proteins) 
and .s bonded to a solid support such that the gel has two-dimensional spatial 
stab.hty and the support is substantially non-Interfering with respect to detection 
Of a label associated with one or more biomolecules in the gel ie,g. a fluorescent 
label bound to one or more proteins). In another particular embodiment, the 
.nvenfon provides an integrated computer program that compares digital profiles 
to select one or more biomolecules detected in a two-dimensional array and 
generates instructions that direct a robotic device to isolate such selected 
b.omolecules from the two dimensional array. ,n yet a further embodiment the 
program also implements a laboratory information management system (LIMS) that 
tracks laboratory samples and associated data such as clinical data, operations 
performed on the samples, and data generated by analysis of the samples. 
4. BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 is a flow diagram of operations that are performed on a mixture of 
d-fferent proteins according to a particular embodiment of the present invention 
F.9ure 2 .s a flow diagram illustrating functions that are performed by 
means of a computer in a particular embodiment of the present invention ■ 

Figure 3 is a diagram of a robotic device for isolating biomolecules from the 
supported gel of the present invention. 

5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides methods and apparatus for rapidly and 
effciently identifying and characterizing bio-molecules, for example proteins, in a 
b.o.og.cal sample. In one application of the invention, a biological sample is 
subjected to two successive separation steps, lathe first separation step, the 
biomolecules are separated according to one physical or chemical property so as 
to generate a one-dimensional array containing the biomolecules; for example 
protems are separated by isoelectric focusing along a first axis. ,n the second 
separation step, the biomolecules in this one-dimensional array are separated 
according toasecond Physical or Chemical Characteristic so astogenerateatwo- 
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With pre-ordained programmed criteria, without furthpr h 
anrtthn, ^. wnnout further human intervention In 

another embod.ment. a human operator reviews the results of the 

Ths present invention is useful for idenUfuno and ■ 
^3 n,or. ,ene,a,„ =„„„oe.„ „ ^ ^„«,,,„.„„ ZZZT T"'"'' 
AS used i,erein, ,„e term -6ioo,olecu,e- refers „ " 
-ent in s ..o.ce, se..e. e.tr e ,:! 

on,asacc.srides,,ipids,ste,„ds,prosta,.n*s ;rcXs r\ 
(including DNA and RNAI A., . ' """Wl'-M^. a-d nucleic acids 

^^cosvlatedandungi^osld:!!"''"- " 

».^/ra::::: err^rr ^^^^^^ r - - - - - 

-..-ed .cro.o.a.s,„, J, arTc oTslHr ^ 

or9anis.s,3„c.aspla„tsa„dan^a,s,,or^s,anc.alra o,t ' 

"V " apparentiv health, >..^ZTo,Z 
".acted .V a condition o, diseae. to he diagnosed or ^^ZTZ T 

sample .ay beabiological fluid Obtained from an. Site leTrr, * 
-e,hi,e,ce,.Prospi„a,f,uid,,,„eo.,s.r.Js:::t:^^^^^^^ 
a transudate, an exudate ,e.,. „uid ob«„.d from »,.^;ro 

° or fl.d Obtained from nT T' 

joint affected bv disease »,.^h .. k 1°'"' ' 

d^ease such as rheum«,id a,«,„«s. osteoartfiHtis. gout or septic 
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support is generally planar, ie.g. a generally p,anar sheet of glass); especially 
preferred is a flat sheet of glass. If desired, the supported gel can be stored for 
.nstance at reduced temperature ie.g. at 4-C, -20-C. or -70'C). A suitable method 
of storage ,s described in International Patent Application No. PCT/G897/01 846 
fled July 9, 1 997. which is incorporated herein by reference in its entirety For' 
some operations ie.g. excision of one or portions of the gel) an open-faced 
supported gel is preferred; for other operations ie.g. electrophoresis) the gel can 
opfonally be sandwiched between a first solid support to which the gel is stably 
bonded ie.g. a glass plate treated with a Afunctional linker) and a second solid 
support to Which the gel is not stably bonded ie.g. an untreated glass plate or a 
glass plate treated with a siliconizing agent). 

5-2-4. Detectinn nf seoaratpri prnt^;^^ 
The proteins in the two-dimensional array can be detected by any desired 
techn.que. In one embodiment, proteins in a polyacrylamide gel are labelled with 
a su.table dye (such as Coomassie Blue or a fluorescent dye, or by a suitable 
sta,n,ng technique (such as silver staining), as is well known in the art In a 
preferred embodiment, proteins in a polyacrylamide gel are labelled by 
.mpregnating the gel with a dye that becomes fluorescently active or alters its 
toescence properties when it binds to or contacts a protein, thereby obviating 
the need to remove unbound dye prior to imaging; Sypro Red (Molecular Bioprobes 
inc.. Eugene. Oregon, is suitable for this purpose. In another embodiment, the 
prote.ns can be labelled by impregnating the gel with an antibody, lectin or other 
suitable ligand that is associated with a reporter moiety such as a radionuclide, an 
enzyme, or a binding species such as biotin; upon removal of unbound antibody 
.act.n or other ligand. the reporter species can be detected by any suitable' 
echn.que. In a further embodiment, proteins are radiolabelled prior to separation 
for instance by metabolic labeling with any suitable radionuclide ie.g. tritium, a 
rad.onuc..de of sulfur or a radionuclide of carbon, or by chemical or enzymatic 
labehng with any suitable radionuclide ie.g. radio-iodine), m yet a further 
embodiment, the proteins are electro-transferred to a suitable membrane to form 
a rephca of the two-dimensional array that is probed with an antibody, lectin, or 
other suitable ligand associated with a reporter moiety; techniques for such 
Western blotting are well known in the art. 
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The profi/es of treated 

25 'dentify patterns of , """"'^'^^^^ '"^^'duals can bp 

y patterns of spots which correlate v«i»h ^ compared to 

* «»eo »ay comparison of h.al«.„ 
r - cose, rase..as a :2 ' """^^ " ' - 

wh,.Har in a o„*a, «a, or rpj^" " ' '^"e 

'---^^»or.a„„o..a.„:r,:^^^^^^^^^^ 
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-a.p,e '"'''^'^ -^'^ 8 can a Jo 1 "--te. , 

^'8- " A IS |(„ a«o Identify interpc, * ''^^'ed 

'"''•O'T^oleoule. '''''''' '-^Po^^^^^ 
--a.n.«„„^ ^""-ove.^..^^, 

""'ention. Thu. ® ' ""^^'ons are « • 

a Xavice 1 '"^ an ^„ ' c« or 

.nv ."^^ - '3, a .0,31 Vr-- '-on..,, 
"■""""^o^so^a,. e«aj 
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Prescribedbvanoperatorandiscapab/eofperfo 
7 ''"-'^^ 0^ Sel-denved catena, to 77 

<='^amber. 0- e.bod.Vnent o, such a devic " ^ ^^"''^•"^ 

This mstrument is caoahi„ , '''''' "'^^'^ 3- 

" ™„,^„e. . „„„ ,2 ---'3.e. r.e .„3-^,,., 

3n„e, „ J ^^I'-r" " P'e'era., 3 

.Hen ei,c»,, '1^" " 

can be clea™,»,„ J T 

*=.3 0, ..e se™ .eel : 
««»c.o„ „,.„. „ ,,,3 ,1, '"^ 

"* A«,™,.3,. 3 „3„,3 : ^'"^ .n .«3„„, 

«» -PPP-.. en. H„ en.e ,e e" ^e:, T" " " 
'Vstern ^,3 been co„«,„,3. „ 3 " " »« „333e.. Th, 

e,3o P3,.. 3 .e, - 
-----:or^rei:r''-'--» 

the coHection plate is full or 



PCT/GB97/033O7 

-■...•"~;~r:::':rr"-~'-~-» 

'»»°3.,o„e» on ^ - onto 

~o,. Suc.p,„„„.,,^ J, - o, an ™e,„„, 

an. .0. p,e,a«, , ^ - o,.o,o„, ^ 

:r:-''-'-"..nu,ac.„™..^^ .o „,« 
~ ... ^ ™a„ 0,,, ;r '■'"^'^■^ 

'"■"■•y c.»on,a,os,a„.,. ""»""• e.a„,„. .„,,^ 

»"*yo„„ combination, s„ .„ " " '"Vmottvosin 

.---S3an.„o„,,J;:-,^;^--^ 

« «~ detain ,„at.^. in , .7^':""^"=^ '«c. o<„J 
«P^«»«V be ,0 - v.. « .aai,a«, a,ec„o.,„,,„ can 

'ther Characterization. Thus. 
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the workstation receives samples of ciif noi 

.» : ::r ir - - 

"Pon ... occurrence o,.p,.„o^,J^J;'' 

-OCO.S. T., „„.3.a„o„ . .so cepa Jo ~:r " 
processes such a>l,vd,„i^,^,. ...... ... ^^n-up a„<| ott,e, 



,3 P^°««ses such as hydrazinoiysis and labelling 

Petermin«ti»„ ^rninn iiiij 
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spectrometry (ES. MS,. See Jensen et a, ,977'' ''"' 
spectrometry. Creig.ton Ced.,. Protein Struct! A T'"' 
University Press). Oxford, pp ,9 5,. p '^^'-^ 
Electrophoresis 16: 179M8U p. " ^ ^^^S, 

^«'«awy. s sepereaon ,ecW,u, such as HPLC I T " 
-cr. or ,„.,ec«, ocup^ „ ^ ^ s^lr ^ 
^.crrophores. .7: S«.a,6: Oevaen., ,,97^.1 ■ '"^^ 

causer era,., ,3„. 3^ 7o " '^'^^"^ 

.noorporared here.„ 6v r„erenoe i„ ,s er^re,,,. Especi , , „ " 
"ovo se<,u.r«(„s techni^e .escribed in U S Pal ZT ' " "= 
. .corp^are. ,»ei„ re,erenc. • "riTrr 
™.=..r ™ss 0, ^ „^ , 2JZZ° 
-'-"-■■"-as.spec.cnet.r. Aco.pril , 'Z 

a«possi«econ.«,««.so,a,„i„03c«s««,ca„su..or" ; ™ 

"® measured mass of the 
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peptide, having regard to water lost in fom, 

=""P.r.« With .„ ..„.,™„„, „. 

One. ,he eo«,e „ . ^^.I ,„i„„ °. ^ 

tiean exB„ime„,ally ^a^;^. , , °' »" '»l««f p,o,ei„ has 

— - = ~ ™ - - .0 .ea.. a.»a. 

-'^in,a„,x„,«a.ae*a„c.,a,,EST T ' 

-a„..e . ,o„„., a ZZZT" " 

--e,a,a a„ „, n.,ao, Cll^r a a„.« „, 
^"Mt can be reaWaea to th. o™. „ * ■'"eaired, B,s 

"mammalian host cells. Where subh a « • ^east or 

~ .he p,o.e^ as .e„™,„e<, ,y SZZ 

^nve™.„. , a„„a..3 „, ^e 

«.uenc,s ,.a. encode ,„ ^,^^2,^° 
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Cells genetically engineered to express surh « , 

used in a screpoinn "'"'^ ^"'^^ « recombinant protein can be 

" ^ screening program to identify other nmt^.r. 

interact with the r.nnn.w °' '^"'^^ specifically 

wun rne recombinant protein or fn «r«w . 

' '""'"«'™""'""W«'ation. Possession afH,.w . 
-...e.«p™ss,on,sassoc.«e.„,.«l:7o::r 

p.«« .„,,se„s. 0, ,; ; : 

PfOtein whose wesence o, .nh„ ^ S"PP'ms expression of e 

W.s««. , .nhenced .,„,^^ ,33^^,^,^^ ^.^^ ^.^^^ 

~.oo..,ro:iT:er :::::: - 

identification of the orotpln » ^ u 

ot the protein as described in section 5.8.1 above Th^ nrh 

or portions are used to identify indi.dua. post translat " '^r^^^'^" 
standard methods known to the art For / , '"°d.f.cations by 

described in Carr et a, 199 Z p ' ' -^lysis is 

' ^^^^''^"^'Vt-B'ochem. 239: 180-192 anrfT« 
0 al.. 1996. Protein Science 5: 1865-1873 , ' ^°^"^«"d « 

-ference in its entirety, J '"'^"""^^^^ ''V 

b2. 65-1 00 (incorporated herein by referenr* i« i» 
in the references cited in section 5.3 above. 

6. EXAMPLE: PROTEINS FROM SERUM AND SYNOVIAL 
FLUID OF PATIENTS WITH RHEUMATOID ARTHRITIS 
Proteins in serum and synovial fluid from patients with rh. 
-,wereseparatedbyisoe,ectricfocusingfo,,o:ed~ 

isoelectnc^ssus^ "^SOS PAGE and compared. 

For isoelectric focusing (lEF). each sample was aoolied r„ 1 
OrvStrip Kit (Pharmacia BioTech,. following the p^ e^^^ « ^ 
manufacturer's instrurtinnc . Procedure described in the 

Phe™,.e, , 3 ~ ~ °'VS«» ... 

" 1038-63, Edition AS (incorporated herein hw « 

«ec.,op.o,es.U: 324-3.7 „„co,po,a,ed..„,„,,I„t^':" " 

rererence in its entirety). 
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certain cases in a 

".y referee,; =«'*nfs.r»,,,r " 

" Wats in a position such ,k '"'•<=«'e was a,., u 

matrix. not c™- ■ ''*"*='«<ftothe 

top p„„ ° ■ ™»ssn, „as ' ' a.> gun, „ 
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6.4. SDS-PAf ^l - 

The gel strips from the lEF step were annii^w 
PAGEopi»nw . '^'"^^'^^PP'-ed to the top of the poured SDS- 

f-AGE gel and elecuophoresis begun. In order t« ««c 

A ■ ^ ^° ensure even coolina of thp nai 

et al.. t995. Electrophores,s 16: 1255-1267 (incorporated herein by 

" ^"^^'-^"^ - order to 1 1 

thermal fluctuanons during electrophoresis and hence to maintain th« . 

reached the bottom edge of the gel. The aels w«« th-„ 
10 staining. ' '"^'"ediately for 
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^•5. Staining 

The top plate of the gel cassette was carefully removpH . 

^:-j;::r:::r-— ^^^^ 

6.6. imaoinn nf ^ha q«f 

A computer-readable output was Drnri.,ooH k • 

:::::::: rrr '~ ^^^^^^^^ 

' ^ "^"^ ^^9-355, incorporated herein by reference in i.o - »• . 
withmodificationsasdescribedbelow. Since the gelwaaJZ^^"?""^^^^ 
P'ate. the gel was he.d in contact with the scanne bed ^ L^^^^^^^ ! ' ^'^^ 
interference patterns arisino from ^ 

ans.ng from non-un.form contact between the gel and the 
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H ci»oive accurate alignment of the aal Aft«. • 

sealed in poiyethylene banc • • «'«'e 
Moiyeinyiene bags containing a small vo/iim«. . • • 

then stored at 4-C. '^^'"'"9 and 

'"8 gei. e.g. the reference frame)- to filtPr o, .r , 
-etectand.uan.fyfeatures:andtocreateCI^^^^^^^^^^^ 
were detected by a computer-mediated compariso J 
i5 the background to select areas o, tK . ^"^^^ ^'^'^ 

I ne PI and molecular weight values fnr th-. I -i 
Sel were detemined bv c„ , • """"" 

—V .ee„ iii'r :::::: ^- - 
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process pe„o,ned so „ „ p.,, «.„,^3, spo,s on ,he du„«c3,. gels TNs 
».ov.e ,„„oase. ass..c. ..s. s..se,„.„„, „e,s„,, .oe,ec«c I „.s I 

analysis, »as printed out for visual inspection. 

Oeneretion o. the ..age was follow*, 6, computer n,easur,m,n, of the x v 
coor ™tas o, each p,.t.i„, - 

s,r : T'"'"' " p-r: 

stored. Each pr„e,n spot was assigned an id««i,ic,tion c«e and n,atched ,0 a 
spot on a master gel, U.. a reference ,e, which contained most "Z ' 
protein spots seen in each tvp. 0, sam.e and was usad .s a Zl l IZ 

spots 0, the other sam. „„^, , 

id ntification c, putative correiate spots across manv different gels. The d^ 
oloctedduringcol,ec.i„nof,h.,H,Ma,t,.,.g,oa,sam„le,a,descrihedi„TecI 

ii '-"^ -V.S 0, ci:: 

pro-/r:::i~ 
0.^ 

weight, 5) the s.gnal value, 6) the standard deviation for each of th. „ w 

.hrs spot was matched. Bv virtue of th. LIMS, ^, p,p„^ J^T^^ 
actual stored gel from which it was generated so .I,,, '° 
=«^P"<er analvsis o, gel profile datals ^Z^Z:''':::::',: 
permuted the profile to .e traced hoc. to the oHg^i sample or pal„, ' 

D'Qiral Analyei s of fho r;oi 

30 o,i„.e,eT::r"'"~"™''^^-^*™"---"-- 

The protein features in the individual images from the n«iroH 
evhovialfiuidsampleswerecomperedalectro. Jv. M^r/r: 
feature across the set of images is defined in this analvsis as idenr , 
.....aepara«on.Oua„„.tativemeas.^..0ft.:.::r^^^^^^^^ 
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feature in an individual image was based on normaiiz«H « 
-asuredforthat feature inthatimage. Thosep It '""^'^ 
between t.e sets o.se.m and svnoL«rsa: " "^^ 
~o.a..detectedWesina;:e~ 

ag'W>ynn«i.n.ivis„,..,,^rf(iirn|iiiiu 
D.H««,Ba«y ewessed proteins „„, roboticall, ,ycl.^ . 

..ass s„ec.«co.. „s^, J - 

ThM9 initial .x»,im,„,j , j 

'evels in .™an RA svn„„l., „.„ ,„ ^..^^s"! " 
-3. »e,e present at W .v.. . ^ : ' 

=re:..:::;:r=r---""^^^^^^ 
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CLAIMS 

1 . A computer-assisted method for selecting and directing the isolation of one 
or more biomolecules present in a two-dimensional array, comprising: 

imaging said two-dimensional array or a replica thereof to generate a 
5 computer-readable output comprising, for each of a plurality of biomolecules 
detected in said two-dimensional array, a pair of x.y coordinates and a signal 
value; 

processing said output in at least one computer to select one or more of 
said detected biomolecules in accordance with previously ordained or operator- 
) specified criteria; and 

generating machine-readable instructions that direct a robotic device to 
isolate at least one of said selected biomolecules from said two-dimensional array. 

2. The method according to claim 1 . further comprising: 

isolating at least one of said selected biomolecules from said two- 
dimensional array by means of said robotic device in accordance with said 
machine-readable instructions. 

3. The method according to claim 2. further comprising, prior to said imaging: 
a first separation step, wherein a plurality of biomolecules present in a 

biological sample are separated according to a first physical or chemical property 
to form a one-dimensional array of biomolecules: 

a second separation step, wherein said one-dimensional array of 
biomolecules is separated according to a second physical or chemical property to 
form said two-dimensional array. 

4. The method according to any preceding claim, in which said biomolecules 

are oligosaccharides. 

5. The method according to any of claims 1 to 3. in which said biomolecules 
are proteins. 

6. The method according to claim 5. in which said proteins are glycoproteins. 

7. The method according to any preceding claim, in which said two- 
dimensional array is contained in a polyacrylamide gel. 

8. The method according to claim 1. in which said biomolecules have been 
separated by isoelectric focusing, followed by electrophoresis in the presence of 
sodium dodecyl sulfate. 
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gel .s bonded to a generally planar solid support such that the gel has two- 
c^mens.onal spatial stability, and the support is substantially non-interfering with 
respect to detection of a detectable label carried by the proteins 
5 10. The method according to claim 9, in which said polyacrylamide gel is 
covalently bonded to said solid support. 

11. Themethodaccordingtoclaim9orc.aim 10. in which said detectable label 
»s a fluorescent label. 

LJcT'"" =' - or 

b,on,olecules », , ,„„^i„e«io™i a„„. comprising- 

a de,ec,or capable of imaging said mcdimonsionai a„ay ,o gan«a,e a 

--~-'eo„.Pu.con.p..ng.,o,eac.o,,p,.a,i,,o,«.m..:esinl^ 
tw„Ki,m.™„o„,„„a,. , p.,, o, X,, c««.i„„„ , 

=pre en,a. ,„ sa,d outpu, in acc^danc, wi«, p,.^o^, „ ^^^^ 

1! " '—^-ona le a 

™bo„c da„ce ,0 ,soia„ a, teas, of se,.c,«, biom^,co„s.. a,^ 

biomoiacr'"* '""" °' " °' 

biomolecoles ,n accordance with said instrucSons 

Wherein said de.ecor is oparab,, co™«c„d ,o a, leas, one o, said one or 
™e comp„,ers, and a, „as, ™ o. said oo. „ nor. con,pu„« i, .p, " 
connected to said robotic device. » » oparawy 

« -4 •^''"M-atus according todalm, 3. in Which said biomoleces are as 
defined m any of claims 4 to 6. 

diLn .""V"""'"^ •» " " c'a- 14. ir. w*h said ,wo- 

d.mens,onal array is contained in a polyacrylamide gel 

bonde to a generally planar sdid support such tha, ^ ,„ ^^^^ 

spanal stability, and the support is subs„™..y „or.^.,^^ 

detecon of a detectable label carried by «»p,o„|„s. 

'7. The apparatus according to claim 1 6. in which said polyacrvl,™,-.. , ■ 

covalently borKled ,„ said solid support. «»»cry,am,de gel ,s 
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1 8. The apparatus according to claim 1 6 or claim 1 7. in which said detectable 
label is a fluorescent label. 

19. The apparatus according to any of claims 16 to 18. in which said solid 
support is glass. 

20. A supported gel suitable for use in electrophoresis, wherein the gel is 
bonded to a generally planar solid support such that the gel has two-dimensional 
spatial stability, and the support is substantially non-interfering with respect to 
detection of a detectable label carried by a plurality of biomolecules in the gel. 

21 . The supported gel according to claim 20. in which the gel is covalently 
bonded to the solid support. 

22. The supported gel according to claim 21 . in which the gel and the support 
are bonded via a Afunctional linker. 

23. The supported gel according to claim 22, obtainable by functionalising the 
support, and casting the gel onto the functionalised support. 

24. The supported gel according to any of claims 20 to 23. in which said 
biomolecules are proteins. 

25. The supported gel according to any claims 20 to 24. in which said 
detectable label is a fluorescent label. 

26. The supported gel according to any of claims 20 to 25. in which said solid 
support is glass. 

27. The supported gel according to any of claims 20 to 26, from which one or 
more portions have been removed without affecting the spatial stability of the gel. 

28. The supported gel according to any of claims 20 to 27. including a plurality 
of separated labelled species. 

29. An assay for labelled species by gel electrophoresis, which comprises 
separating the species on a gel according to any of claims 20 to 26, removing one 
or more portions of the gel containing separated species, without affecting the 
spatial stability of the gel, and analyzing the species in said one or more portions. 

30. Apparatus for use in analyzing species separated on a gel, which comprises: 

means for detecting the array of species on the gel, the gel being 
fixed to a support that is substantially non-interfering with respect to the detection 
of a detectable label carried by the species; 

selecting one or more points of the array, as containing species for 

analysis; 
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removing the gel at each of said one or more points; and 
analyzing the contents of the removed gel. _ 

31. Apparatus according to claim 30. which comprises robotic means for 
excising discrete portions of the gel. 

32. Apparatus according to claim 30 or claim 3 1 . wherein the gel is a supported 
gel according to any of claims 20 to 26. 

33. An automated, integrated process for analysis of species in a biological 
sample, which comprises: 

(a) separating the species by applying the contents of the sample to a gel the 
gel being fixed to a support that is substantially non-interfering with respect 
to the detection of a detectable label carried by the species; 

(b) mapping the resultant array of species; 

(c) selecting a point of the array, as containing species for analysis; 

(d) removing gel at the selected point; 

(e) analyzing the contents of the removed gel; and 

if) repeating steps (c). Id) and (e). for another point of the array, thereby 
recovering and characterizing individual species. 
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Process data from imaging of 2-dimensional gels 
•remove artifacts 
•calibrate gels 
•detect features 

•calculate Vol, %Vol. pi, MW of features 
•match corresponding features in sibling gels 
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Generate digital profiles and composite profile 
for sibling set 
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Generate molecular cluster tables and calculate 
molecular cluster indexes of features 






Annotate digital profiles with molecular cluster 
indexes of features 
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1 Create image-sets for uscr-defi ncd sample sets | 
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I Define featuie*secs for image sets | 






1 Determine fold-change of matching features | 




Generate instructions for 
robattc isolation device 
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